(Say) (Heteroptera: Pentatomidae)
The brown stink bug, Euschistus servus (Say), is abundant throughout most of the eastern North America and is commonly found feeding on soybean, mullein, beans, tomatoes, peas, cotton, wheat, corn, tobacco and peach (Munyaneza & McPherson 1994) . This bivoltine species overwinters as an adult in the fall (Rolston & Kendrick 1961 , McPherson 1982 , the normal situation for other pentatomid species in temperate climates. The following spring the bugs mate and deposit eggs; the first generation normally develops on wild (noncrop) hosts, while the second generation typically develops on cultivated crops (Ehler 2000) .
Individuals from a laboratory-reared E. servus colony were observed to sometimes change color in the entire ventral surface, from green to reddish-brown. Therefore, behavioral and physiological studies were conducted to determine whether coloration in E. servus could be used as an indicator of diapause. We compared the reproductive activity, mortality, weight, and pheromone production among the green and reddish-brown E. servus.
E. servus were field collected from May through June, 1998 and 1999, feeding on new growth of Empress-trees, Paulownia tomentosa (Thunb.) Steud. (Scrophulariaceae), and reared in an incubator (Percival Scientific Inc., Model 1-30BLL, Boone, Iowa), at temperatures of 26 and 23 o C, humidities of 75 and 61% for 14:10 day and night cycle, respectively. The insects were kept on a diet of sunflower seeds, soybeans and green beans. A second field collection was made during the fall (October/1999) on soybean plots at the maturation R8 stage of development or harvest maturity (Fehr et al. 1971) .
In January 1999, only a few egg-masses were being produced from the approximately 75 adult females in the colony, and most of the individuals in the colony had reddishbrown sterna, with only a few insects having green sternal coloration. The colony was separated into two groups according to these color differences. Fecundity, weight, pheromone production, and mortality were recorded daily for both colonies. The two colonies were monitored for color changes of their adults and, if changes occurred, the adults were transferred to the matching colony.
Pheromone was collected from groups of 15 virgin individuals ranging from 15 to 20 day-old males E. servus. Both green and brown colored bugs were introduced into separate aeration apparatuses, which consisted of four-neck glass bottles (1000 ml) connected to two Super Q traps (15 cm X 0.6 cm OD, 200 mg each, Alltech Associates, Inc. Deerfield, Illinois). The air was filtered with charcoal traps (Activated Carbon, 6-14 mesh, Fisher Scientific; 2 cm X 1.5cm OD) before being drawn through the apparatus by vacuum at ~1 liter/min. The bugs were aerated continuously for several days, and were provided fresh green beans as needed. Super Q traps were changed every 24h. The airborne volatiles were extracted by percolating each Super Q trap with four portions of GC-grade methylene chloride (0.5 ml/ each), and the resultant methylene chloride solutions were stored at - Nitrogen was the carrier gas, with the flow rate of 2 ml/min. GC-mass spectrometry (GC-MS) was carried out with a Hewlett Packard 6890 gas chromatograph coupled to a HP 5973 Mass Selective Detector using the same capillary column and conditions as above, but with helium as the carrier gas.
Statistical analysis reported in the results were performed using PROC's Mixed Lifetest (SAS 1997) and StatXact (Cytel -Mehta & Patel 1996) .
The abdominal sterna of E. servus adults collected by one of us (J.R.A.) in the spring were yellowish-green and bright-green coloration for males and females, respectively (hereinafter referred to as "green"). A total of 23 adult E. servus were collected in soybean plots during the summer and fall of 1999. All bugs collected during the summer were green (n = 16), whereas five were brown in coloration for those collected at the beginning of fall (n = 7).
Seventy egg masses were obtained from the green colony, while none were produced by females from the brown colony of E. servus. The fecundity of green females was highest during the second week (n = 45 females) of adulthood when nearly one egg mass/female was being laid, compared with 0.2 egg mass/female (n = 53 females), and 0.7 egg mass/ female (n = 31 females) for the first and third week, respectively.
The number of bug deaths for the four color and sex groups were analyzed first as a survival analysis. The tests for homogeneous strata [Log-Rank, Wilcoxon and -2log (LR)] were all statistically significant at P ≤ 0.0001, showing that the survival curves were not all the same for the groups. Because the number of dead were observed only at two discrete points, week 2 and week 3, rather than on a continuous or more approximately continuous scale, and the data were heavily censored as many bugs were still alive at week 3, it was decided that a survival analysis was not the best analysis of the data. A second analysis looked at the number of alive or dead at the end of week 3. The hypothesis that proportion of dead was equal for green and reddish-brown bugs was tested for each sex. The Fisher exact test for two independent binomial populations was done. The proportions dead (n = 22 and n = 2 for the green and brown males respectively) were very different for males (FI = 33.13 P = 0.0000). The proportions for females (n = 13 and n = 1 for the green and brown females respectively) were different (FI = 4.1719 P = 0.0522) but not as overwhelmingly so as for males.
The weigh of the bugs was analyzed as a two-factor general linear model with color and sex as the factors. The analysis showed that only color was statistically significant (F = 19.43 P = 0.0001) in accounting for the difference in insect weights (n = 10, for each color group). The weight of the males and females within a color are nearly identical, i.e., 0.185 and 0.184 g for green male and female respectively, whereas the brown insects weighted 0.158 and 0.160 g for brown males and females respectively. The means were compared using the Fisher protected t-test.
When pheromone production was contrasted between the two groups, only green males produced the characteristic pheromone component, methyl 2E,4Z-decadienoate (Aldrich et al. 1991) (Fig. 1) . Females, regardless of coloration, never produced any pheromone, which is consistent with earlier research on Euschistus spp. pheromone production (Aldrich et al. 1991) . Dissection of a female E. servus by one of us (J.R.A.) revealed that reddish-brown insects have undeveloped oocytes and more extensive fat body compared with green females.
The high mortality registered for the green colony of E. servus adults may represent a physiological cost associated with reproduction. For example, sexually active male and female southern green stink bugs, Nezara viridula (L.), had Borges et al. 1987 , Borges & Aldrich 1994 , Borges 1995 , the absence of pheromone production in reddishbrown E. servus males supports the observed color association with diapause. Thus, reddish-brown coloration may be used as a visible indicator of diapause in adult E. servus.
Color change associate with diapausing have been reported for other pentatomids species such as Nezara viridula (Harris et al. 1984) and for the Neotropical brown stink bug, E. heros (Mourão & Panizzi 2000a and b) . However, although this variation in color was known for E. servus, it was never related with diapause for this species (J.E. McPherson -personal communication) .
Egg masses were collected only from the colony of green individuals and none were recorded from females in the shortened life spans by six and two times compared with unmated cospecifics (Mitchell & Mau 1969) , and Harris et al. (1984) reported that diapausing N. viridula lived longer than non-diapausing individuals. For the Neotropical brown stink bug, E. heros (F.), longevity varied in a like manner according to sex and sexual activity . Hiding behavior (Harris et al. 1984 ) may be associated with lower food consumption and could explain the lighter weight for the reddish-brown insects in this study.
Only green E. servus males produced pheromone; none was detected from reddish-brown males. Since pheromone production in male stink bugs is an important component of mate-finding (Mitchell & Mau 1971 , Harris & Todd 1980 reddish-brown colony, indicating that color is associated with reproductive status.
Seventy one percent of the E. servus adults collected in the field during the fall of 1999 were brown in color; this result corroborates that of Rolston & Kendrick (1961) who reported that the species enters hibernation in the fall. Therefore, the discovery of the morphs raises several questions whose answers might be highly relevant to stink bug management: what triggers diapause to begin in the fall, and to end in the spring? At what time of year does pheromone production begin and end? The new information on diapause supports the argument that mid-summer is the best time to use pheromone intervention, which would also be the time that the bugs switch crop hosts, while using pheromones in spring or fall might be ineffective.
Furthermore, combining the knowledge of diapausing in E. servus with Rolston & Kendrick's (1961) finding that the first generation of this species develops on noncrop hosts may lead to new semiochemical strategies to manage populations of this pest. For instance, traps baited with pheromone to catch females, or even a pheromone-based disruption of orientation behavior to decrease mating success (McBrien et al. 1996) , are possible semiochemical techniques to suppress populations of second generation of E. servus before they migrate to cultivated crops.
